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Abstract. Agricultural activities are frequently associated with groundwater pollution. In this 
study, the goal is to evaluate the nitrate and phosphorus levels and it's impact to the groundwater. The 
investigation was located in the Eastern Croatia in the area of 6.600 ha of mainly agricultural land. 
Groundwater quality in the countertop part of the soil profile to 4.0 m depth was monitored by 40 
installed hydropedological piezometers. Sampling water from piezometers was carried out every 60 
days. In the groundwater samples nitrate, nitrite, ammonia and orthophosphate were analyzed. 
According to the indicators it was confirmed that at all locations during the observation period mean 
concentrations of NH4-N, NO3-N, total nitrogen (N) and phosphorus (P) in the groundwater from 
piezometers occasionally exceeded the value of maximum allowable concentration (MAC) which is 
prescribed by the Regulations. The mean concentrations of NO3-N were consistent and varied in the 
range from 2.42 to 4.61 mg NO3-N/l, the mean concentrations of nitrogen from ammonia exceed the 
permissible value (NH4-N) throughout the year, the average being higher than MAC (0.50 mg NH4-
N/l) and were within the range of 0.57 mg NH4-N/l in to 1.21 mg NH4-N/l. The maximum 
concentration of phosphorus in groundwater were in the range of values from 0.40 to 1.11 mg P/l. 
Observation of traditional agricultural production in the investigation area with emphasis on leaching 
of nitrogen and phosphorus shows that it represents a potential threat to the future pollution of 
groundwater with nitrogen with phosphorus.  
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INTRODUCTION 
 
Nitrogen and phosphorus are important nutrients for agricultural production. World 
consumption of fertilizer is 85 x 106 t N and 15 x 106 t P (Roy et al., 2006). Because of the 
growing world population and changing eating habits, by 2020, consumption of mineral 
fertilizers is estimated to be up to 114 x 106 t N and 21 x 106 t P per year (Bumb and 
Baanante, 1996). Therefore, should proceed carefully with the application of plant nutrients 
and also as possible to avoid their loss. Although the intake of pollutants from agriculture 
have decreased in recent years (OECD, 2006), diffuse pollution of groundwater and surface 
water with high amounts of nitrogen and phosphorus are still one of the most important 
environmental problems of modern, intensive agriculture which contributes to eutrophication 
of aquatic systems and reduces the quality of drinking water in many areas. Increased 
concentrations of nitrogen in drinking water can cause methemoglobinemia in infants and 
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stomach cancer in adults (Lee et al. 1991, Wolfe and Patz, 2002). Therefore, the set maximum 
permissible concentration of nitrate in drinking water of 50 mg NO3-/l, (determined by the 
Regulations of  drinking water safety) coincides with the limit values in other European 
countries (EC 1998) which are proposed by the World Health Organization (WHO, 2006), 
while the U.S. Environmental Protection Agency prescribes the maximum permissible 
concentration of 10 mg/l NO3-N (44 mg/l NO3-) in drinking water (EPA, 2003). 
The most important sources of drinking water are underground aquifers, which are 
vulnerable to pollution (Solley et al. 1993). Nitrate nitrogen (NO3) is the most common 
pollutant in shallow aquifers when we look diffuse, but also point sources pollution (Postma et 
al., 1991). The reduction of pollution from non-agricultural sectors is faster than pollution 
created from agricultural production, and animal husbandry is the major cause of water 
pollution with nitrate and phosphorus. In specific areas with intensive agriculture, in particular 
breeding there are increases in losses of nutrients, which is closely linked to the intensification 
of livestock production. Area of eastern Slavonia (Biñ field) is an area with very intensively  
agricultural production, dominated by crop - livestock production with intensive farming and 
raising cattle. ¸ The area around Gundinci was isolated after years of hydrogeological research 
as potentially the best area for accommodation for Regional Water Supply of Eastern Slavonia 
(N. Šimundić, M. Obrdalj, 2002). This region is mostly dominated by hydromorphic soil types 
with a slightly heavier texture composition (Petošić et al., 2002). Surface part that affects the 
soil profile (cover) of 1 - 3 m depth over large area is built of much heavier clay sediments. 
However, they are often intersected with much lighter silt - sandy materials. Between the 
surface covering parts and gravel there is spreading of the different sediments. Average depth 
of the aquifer in this area is 30 m (Mayer, 1993) but in some parts it’s possible interaction 
with percolated water due to the presence of textural lighter materials. Based on geotechnical 
researches conducted in the area of future multipurpose Danube-Sava it was found that there 
are very heterogeneous composition at the short intervals, and in the direction perpendicular 
to the channel there are differences in soil stratigraphy.  
 
MATERIALS AND METHODS 
 
The geographic and topographic features 
 
The total area of the investigation is 249 100 ha or about 2,500 km2. The research area 
is located along a future route of Multipurpose Danube – Sava Canal in Eastern Croatia. The 
area is geographically situated between 18º 15 'to 19 º 00' east longitude and 44 º 45 'to 45 º 
20' north latitude. Of the total area agricultural land covers 174,019.6 hectares or 69.7%, and 
the rest of 69 230 ha or 27.6% occupy forest. Research area covers part of Biñ - field, which 
stretches between the villages of Great Kopanica, Gundinci, Sikirevci and Babina Greda and 
represents an approximate rectangle measuring 9.80 km × 5.95 km with an area of 58 km2. 
Geographically defined, researched pilot area is located between 45 ° 06 '43.87''N and 45 ° 10' 
42''N and 18 ° 26 '03.89''E and 18 ° 34' 57.56'' E (according to the WGS 84 system). The 
largest part of the area is arable land that is mostly used for the production of basic crops and 
industrial crops: corn, wheat, barley, sugar beet and soybean (Tomić et al., 2003). 
In topographical terms, the influential area of Canal is typical plain area, with the 
absolute terrain elevations between 80.0 m asl to 115.0 m asl. Within a relatively flat terrain 
elevated forms of relief can be distinguished in the form of plateau. In contrast to high plains, 
a considerable part of the influential area is spread within a typical low - valley terrain (Fig. 
1). The lowest parts of the terrain are situated along the river Sava. 
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Fig. 1. 3D digital terrain model of research area with location of piezometers and route of MDSC 
 
 
Climate and weather 
 
The goals of research in this publicatiion require reliable indicators of weather conditions, 
especially on the quantity and distribution of rainfall. Indicators for twenty-year period are 
used from the nearest meteorological station in Gradište (Županja). According to the longtime 
average (1981 – 2009) in this area falls 682 mm of precipitation per year (Fig. 2), mean 
annual temperature is 11.6 º C (Fig. 3) and relative humidity is 74%. In average, the most rain 
falls in the month of June, 81.4 mm, a minimum of 34.4 mm in February. Average monthly 
air temperature is the highest in July 21.9 º C and lowest in January of 0.5 º C. In the month of 
December, average monthly relative humidity maximum was 85%, and in April the lowest 
66%. In the analyzed period the maximum monthly rainfall was recorded in June 216.8 mm 
(2001) and lowest in October 0.2 mm (1995). 
 
 
 
Fig. 2. The dynamics of the total annual rainfall in the area of Gradište (1981. – 2009.) 
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Fig. 3. The dynamics of average annual temperatures in Gradište (1981. – 2009.) 
 
 
Soil types 
 
Based on performed detailed field and laboratory soil analysis which were carried out 
in 2000 year and taking into account the existing classification of soils (Škorić et al., 1985), 
the total surface area of 9155 ha, which includes the pilot area with about 7200 hectares, is 
defined by a total of 9 soil types. The prevalence and spatial distribution of selected soil types 
unit is shown in in figure 4. The soils in the study area are mainly soils with silty clay to silty 
clay loam structure (Petošić et al 2006). 
 
 
 
Fig. 4. Area of investigation and soil types with location of piezometers 
 
Methods 
Forty observation wells 4 meters depth for this study (piezometers) were implanted in 
the area. Groundwater samples for nitrate, phosphorous and heavy metals analyses were 
collected using bailer from these piezometers 54 times during the period from 2002 to 2009. 
The piezometers have a diameter of 50 mm and were closed at the top to prevent introduction 
of any contaminant. The well screen was placed 300 mm above the bottom. The piezometers 
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were purged with Gigant pump (Eijkelkamp) every time before taking the sample. Samples 
were taken and transported to the laboratory  under low temperature conditions. The samples 
were stored in the laboratory at low temperature condition until they were analyzed. 
Determination of nitrate, ammonia and phosphorous was made using continuous flow 
analyzer – Skalar San.  
 
RESULTS AND DISCUSSION 
 
Groundwater quality 
 
Concentrations of nitrogen in groundwater 
 
Mean concentrations NO3-N, NH4-N (mg/l) and total nitrogen in groundwater during 
the period 2002 – 2009 are shown in figures. Mean concentrations of total nitrogen (mg N /l) 
in groundwater in the area of observations throughout the average year was well below the 
MAC and were in range from 2.99 mg N /l in October to 5.35 mg N/l in August. 
The analysis of the indicators shows that the mean concentrations of nitrogen from nitrates in 
the period since 2002 until 2009  throughout that time was significantly lower than the 
maximum allowable concentrations (MAC), which are prescribed by the Regulations (10 mg 
NO3-N/l). During all months of observation (February, April, June, August, October and 
December), the mean concentrations of NO3-N were fairly consistent and varied in the range 
from 2.42 (October) to 4.61 mg NO3-N/l (August). 
However, the mean concentrations of nitrogen from ammonia exceed the permissible 
value (NH4-N) throughout the year, the average being higher than MAC (0.50 mg NH4-N/l) 
and were within the range of 0.57 mg NH4-N/l in October to 1.21 mg NH4-N/l in December. 
It should be noted that the groundwater in the profile of agricultural soils in the area of Canal, 
according to a specified mean concentration of total nitrogen during the monitoring period 
(2002 – 2009) and the criteria prescribed in the Regulation, responded as third (III.) category 
of water. According to the mean concentration of NH4-N mg/l groundwater during periods of 
observation 2002 – 2009, varies from third to fifth (III.-V.) category of environmental quality. 
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Fig. 5. Mean concentrations of total nitrogen (N) in groundwater from piezometers in the research area in the 
observed period of 2002. - 2009. 
 
 
 
Fig. 6. Mean concentrations of NH4-N in groundwater from piezometers in the research area in the observed 
period of 2002. - 2009. 
 
Based on the indicators shown in figures, maximum concentration of nitrate nitrogen, 
ammonia and total nitrogen in groundwater during the monitoring period were several times 
higher than MAC prescribed by Regulation. Sometimes measured maximum concentrations 
were significantly higher then the MAC value, for example 28.76 mg NO3-N/l, 2.81 mg NH4-
N/l and 30.3 mg N/l on some location. It should be pointed out that the presence of such high 
concentrations of total nitrogen in groundwater in the area of observation wasn’t continuous, 
and was observed on a smaller number of locations (3 - 6 locations - piezometers). It, 
however, can not be applied for the presence of high concentrations of ammonia which was 
continuously higher than MAC. High concentrations of ammonia were occasionally present 
on a much larger number of observed locations (16 locations - piezometers). 
 
Concentrations of phosphorus in groundwater 
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On the basis of the obtained parameters we note that the mean concentrations of 
phosphorus (P mg/l) in groundwater during an average year period were significantly lower 
than the MAC value according to the Regulations (0.30 mg P/l). 
However, the maximum concentration of phosphorus in groundwater were significantly 
higher than the MAC prescribed by the Regulation and they varied in the range of values from 
0.40 (October) to 1.11 (June) mg P/l. 
On small number (10% of the total of monitored location) of locations were periodically 
measured concentrations exceeding MAC values of phosphorus and had average of 3.8 mg 
P/l. 
 
 
 
Fig. 7. Mean concentrations of phosphorus in groundwater from piezometers in the research area in the observed 
period of 2002. - 2009. 
 
CONCLUSION 
 
Many years of observation of the quality of groundwater in the study area for future 
MDSC had confirmed assumption of their contamination with nutrients. It should, however, 
point out on stronger contamination of waters of Eastern Biñ and Berava with nitrogen from 
ammonia, which is also confirmed by the observation of groundwater quality. According to 
the multi-year indicators of mean concentration (mg/l) NH4-N, NO3-N and total nitrogen (N), 
it can be concluded that at some monitored locations (piezometers) groundwater was 
occasionally strongly contaminated by these pollutants. It should also draw attention to the 
occasional presence of high concentrations of phosphorus in groundwater. Through 
observation of traditional agricultural production in the pilot area with emphasis on leaching 
of nitrogen and phosphorus, it can be concluded that it poses a potential threat to the stronger 
pollution of groundwater with phosphorus. In terms of environmental protection in the study 
area is required to use appropriate measures to revitalize and rebuild the existing drainage and 
irrigation systems, develop new models and systems of growing plants and treasures on 
principles of sustainable agricultural production and improve the quality of surface waters 
with the aim of preservation better water quality from the Danube and Sava rivers. We believe 
that additional research will continue during the construction of irrigation ameliorative canal 
in Biñ - bosut field that represent the vanguard of building multi-channel Danube - Sava and 
after its putting into operation, further clarify the issues presented and the complete lack of 
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knowledge about the condition and the water regime of agricultural soils and water quality in 
this area. 
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